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General Report Summary 
 
What is the purpose of this report? 
This report serves multiple purposes. First, it is a resource for increased understanding of watershed and 
water quality conditions in and around Arrowhead Pond. Second, it satisfies the Federal Clean Water Act 
requirement to develop a Total Maximum Daily Load (TMDL) for impaired waterbodies. Third, it 
provides a foundation for locally-driven watershed and water quality improvement efforts. Finally, it 
may be useful for obtaining financial assistance to implement projects to remove Arrowhead Pond from 
the federal 303(d) list of impaired waters. 
 
²ƘŀǘΩǎ ǿǊƻƴƎ ǿƛǘƘ Arrowhead Pond? 
Arrowhead Pond is listed as impaired on the 2018 303(d) list for not supporting its primary contact 
recreation designated use. The impairment is due to elevated levels of algae and turbidity, which is 
caused by overly-abundant nutrients and sediment, including sediment-bound phosphorus in the lake. 
The turbidity and suspended solids in the water column have also impaired the aquatic life designated 
use in the lake. 
 
What is causing the problem? 
The amount of phosphorus transported to the lake from the surrounding watershed is sufficient to 
cause excessive growth of algae and excessive levels of turbidity, which reduces water clarity. 
Phosphorus is carried to the lake in two primary forms: (1) attached to eroded soil that is transported to 
the lake by rainfall runoff and stream flow, and (2) dissolved phosphorus in runoff and subsurface flow 
(e.g., shallow groundwater). Phosphorus and sediment within the water column and on the lake bed 
may become resuspended under certain conditions, which can add to algae and turbidity issues. There 
are no allowable discharging point sources in the Arrowhead Pond watershed; therefore, all phosphorus 
loads to the lake are attributed to nonpoint sources. 
 
Nonpoint sources are discharged in an indirect and diffuse manner and often are difficult to locate and 
quantify. Nonpoint sources of phosphorus in the Arrowhead Pond watershed include gully erosion, 
sheet and rill erosion from various land uses, runoff and subsurface flows from lands that receive 
fertilizer application, grazed pasture land, poorly functioning septic systems, manure deposited by 
wildlife, and particles carried by dust and wind (i.e., atmospheric deposition). A portion of the 
phosphorus carried to the lake eventually settles to the lake bottom and accumulates. Under certain 
conditions, this accumulated phosphorus can become available for algal uptake and growth through an 
internal recycling process.  
 
What can be done to improve Arrowhead Pond? 
Reducing phosphorus loss from pasture, row crops, and implementing or improving existing structural 
BMPs such as terraces, grass waterways, and constructed sediment basins in beneficial locations will 
significantly reduce phosphorus loads to the lake. Increasing the trapping efficiency of the existing 
sediment basins may be the most cost effective structural alternative. Additionally, in-lake practices 
such dredging or phosphorus stabilization may be necessary in order to address algae and turbidity and 
legacy siltation concerns. Consideration should be given to reductions in the population of grass carp, 
which graze on aquatic plants, inhibiting the ability of those plants to uptake phosphorous. Finally, 
removal of curly-leaf pondweed and other invasive plant species will help improve water quality. Curly-
leaf pondweed dies back in the summer, releasing nutrients that contribute to algal blooms.  
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Who is responsible for a cleaner Arrowhead Pond? 
Everyone who lives, works, or recreates in the Arrowhead Pond watershed has a role in water quality 
improvement. Nonpoint source pollution is unregulated and responsible for the vast majority of 
sediment and phosphorus entering the lake. Therefore, voluntary management of land, animals, and the 
lake itself will be required to achieve measurable improvements to water quality. Many of the practices 
that protect and improve water quality also benefit soil fertility and structure, the overall health of the 
ecosystem, and the value and productivity of the land. Practices that improve water quality and enhance 
the long-term viability and profitability of agricultural production should appeal to producers, land 
owners, and lake users alike. Improving water quality in Arrowhead Pond, while also improving the 
quality of the surrounding land, will continue to require collaborative participation by various 
stakeholder groups, with land owners playing an especially important role. Additionally, those looking to 
develop sites within the Arrowhead Pond watershed should recognize the impact of improved water 
quality on property values. 
 
Does a TMDL guarantee water quality improvement? 
The Iowa Department of Natural Resources (DNR) recognizes that technical guidance and support are 
critical to achieving the goals outlined in this Water Quality Improvement Plan (WQIP). The TMDL itself 
is only a document, and without implementation, will not improve water quality. Therefore, a basic 
implementation plan is included for use by local agencies, watershed managers, and citizens for 
decision-making support and planning purposes. This implementation plan should be used as a guide or 
foundation for detailed and comprehensive planning by local stakeholders. 
 
Reducing pollutants from unregulated nonpoint sources requires voluntary implementation of best 
management practices. Many solutions have benefits to soil health and sustained productivity as well as 
water quality. However, quantifying the value of those ecosystem services is difficult, and those benefits 
are not commonly recognized. Consequently, wide-spread adoption of voluntary conservation practices 
is often difficult to achieve. A coordinated watershed improvement effort for Arrowhead Pond could 
address some of these barriers by providing financial assistance, technical resources, and 
information/outreach to landowners to encourage and facilitate adoption of conservation practices. 
 
What are the primary challenges for water quality implementation? 
In most Iowa landscapes, implementation requires changes in land management and/or agricultural 
operations. Management decisions may include changes in the number of acres that are actively tilled 
and the diversity and rotation of crops produced. These changes present challenges to producers by 
requiring new equipment (e.g., no-till planters), narrowing planting, harvesting and fertilization 
windows, and necessitating more active and complex farm management.  
 
Additionally, potential short-term losses in yields are more easily recognized and quantified than long-
term benefits to soil health and sustained productivity. It is not easy to overcome existing incentives and 
the momentum of current practices. Promoting a longer-term view with an emphasis on long-term soil 
fertility, production, agroecosystem health, and reduced input costs will be essential for successful, 
voluntary implementation by willing conservation partners. However, water quality improvement and 
enhancement of Arrowhead Pond as a recreational resource are appropriate and feasible near-term 
goals for a coordinated watershed improvement effort. 
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Required Elements of the TMDL  
 
This Water Quality Improvement Plan has been prepared in compliance with the current regulations for 
TMDL development that were promulgated in 1992 as 40 CFR Part 130.7 in compliance with the Clean 
Water Act. These regulations and consequent TMDL development are summarized below in Table 1-1.  
 

Table 1-1. Technical Elements of the TMDL.  

Name and geographic location of the impaired 
or threatened waterbody for which the TMDL 
is being established: 

Arrowhead Pond, Waterbody ID IA 06-WED-
1702, located in S29, T77N, R41W, 1.5 miles 
southeast of Neola 

Surface water classification and designated 
uses: 

A1 ς Primary Contact 
B(LW) ς Aquatic life  
HH ς Human health (fish consumption) 

Impaired beneficial uses: A1 ς Primary Contact (IR 5a, 4a, 3b) 
B(LW) ς Aquatic Life (IR 3b) 

TMDL priority level: Priority Tier 1 

Identification of the pollutants and applicable 
water quality standards (WQS): 

Poor water transparency due to algae and 
turbidity.  

Quantification of the pollutant loads that may 
be present in the waterbody and still allow 
attainment and maintenance of WQS: 

Excess algae and turbidity are associated with 
total phosphorus (TP). The allowable average 
annual TP load = 305.3 lbs/year; the maximum 
daily TP load = 2.60 lbs/day. 

Quantification of the amount or degree by 
which the current pollutant loads in the 
waterbody, including the pollutants from 
upstream sources that are being accounted for 
as background loading, deviate from the 
pollutant loads needed to attain and maintain 
WQS: 

The existing growing season load of 1,112.3 
lbs/year must be reduced by 807 lbs/year to 
meet the allowable TP load. This is a reduction 
of approximately 73 percent. 
 

Identification of pollution source categories: 
 

There are no regulated point source 
discharges of phosphorus in the watershed. 
Nonpoint sources of phosphorus include 
fertilizer and manure from row crops, sheet 
and rill erosion from row crops and pasture, 
wildlife, septic systems, groundwater, 
atmospheric deposition, and others. 

Wasteload allocations (WLAs) for pollutants 
from point sources: 

There are no allowable point source 
discharges. 
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Load allocations (LAs) for pollutants from 
nonpoint sources: 

The allowable annual average TP LA is 274.8 
lbs/year, and the allowable maximum daily LA 
is 2.34 lbs/day.  

A margin of safety (MOS): An explicit 10 percent MOS is incorporated 
into this TMDL.  

Consideration of seasonal variation: 
 

The TMDL is based on annual TP loading. 
Although daily maximum loads are provided to 
address legal uncertainties, the average 
annual loads are critical to in-lake water 
quality and lake/watershed management 
decisions. 

Reasonable assurance that load and wasteload 
allocations will be met: 

Reasonable assurances for reductions in 
nonpoint source pollution are provided by (1) 
a list of BMPs (see Section 4 of this WQIP) that 
would provide phosphorus reductions, (2) a 
group of nonstructural practices that prevent 
transport of phosphorus, (3) proposed 
methodology for prioritizing and targeting 
BMPs on the landscape, and (4) best available 
data for estimating the efficiency/reduction 
associated with BMPs. 

Allowance for reasonably foreseeable 
increases in pollutant loads: 

Although watershed development may 
continue in the future, an increase in the 
pollutant load from land use change is not 
expected.  

Implementation plan: An implementation plan is outlined in Section 
4 of this Water Quality Improvement Plan. 
Phosphorus loading and associated 
impairments must be addressed through a 
variety of voluntary management strategies 
and structural practices. Emphasis on 
watershed best management practices. 
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1. Introduction 
 
The Federal Clean Water Act requires all states to develop lists of impaired waterbodies that do not 
meet water quality standards (WQS) and support designated uses. This list of impaired waterbodies is 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ǎǘŀǘŜΩǎ олоόŘύ ƭƛǎǘΦ In addition to developing the 303(d) list, a Total Maximum Daily 
Load (TMDL) must be developed for each impaired waterbody included on the list. A TMDL is a 
calculation of the maximum amount of a pollutant that a waterbody can tolerate without exceeding 
²v{ ŀƴŘ ƛƳǇŀƛǊƛƴƎ ǘƘŜ ǿŀǘŜǊōƻŘȅΩǎ ŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎΦ The TMDL calculation is represented by the 
following general equation: 
 

TMDL = LC = S WLA + S LA + MOS 
 

Where:  TMDL   = total maximum daily load 
LC   = loading capacity 

   S WLA  = sum of wasteload allocations (point sources) 

   S LA  = sum of load allocations (nonpoint sources) 
   MOS   = margin of safety (to account for uncertainty) 
 
One purpose of this Water Quality Improvement Plan (WQIP) for Arrowhead Pond, located in 
Pottawattamie County in western Iowa, is to provide a TMDL for algae and turbidity, which has 
decreased water quality in the lake. Another purpose is to provide local stakeholders and watershed 
managers with a tool to promote awareness and understanding of water quality issues, develop a 
comprehensive watershed management plan, obtain funding assistance, and implement water quality 
improvement projects. Over-abundance of phosphorus is largely responsible for excessive algal growth 
and turbidity, which impair the primary contact designated use of Arrowhead Pond. The impairments 
are addressed by development of a TMDL that limits total phosphorus (TP) loads to the lake. Phosphorus 
reductions should be accompanied by reduced algal growth and reduced turbidity.  
 
The plan also includes descriptions of potential solutions to the impairments. This set of solutions is 
presented as a toolbox of best management practices (BMPs) for improving water quality in Arrowhead 
Pond with the ultimate goal of meeting water quality standards and supporting designated uses. These 
BMPs are outlined in the Implementation Plan in Section 4.  
 
The Iowa Department of Natural Resources (DNR) recommends a phased approach to watershed 
management. A phased approach is helpful when the origin, interaction, and quantification of pollutants 
contributing to water quality problems are complex and difficult to fully understand and predict. 
Iterative implementation of improvement practices and additional water quality assessment (i.e., 
monitoring) will help ensure gradual progress towards water quality standards, maximize cost efficiency, 
and prevent unnecessary or ineffective implementation of costly BMPs. Implementation guidance is 
provided in Section 4 of this report, and water quality monitoring guidance is provided in Section 5. 
 
This plan will be of limited value unless additional watershed improvement activities and BMPs are 
implemented. This will require the active engagement of local stakeholders and land owners. Experience 
has shown that locally-led watershed plans have the highest potential for success. The Watershed 
Improvement Section of DNR has designed this plan for stakeholder use and may be able to provide 
technical support for the improvement of water quality in Arrowhead Pond. 
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2. Description and History of Arrowhead Pond 
 
Arrowhead Pond is located in Neola Township, Pottawattamie County approximately 1.5 miles west of 
the City of Neola. Arrowhead Pond was constructed in 1962 and is owned and managed by the 
Pottawattamie County Conservation Board. The lake and park provide fishing, hunting and other 
outdoor recreation activities for the public. Figure 2-1 is a 2017 aerial photograph with the boundaries 
of the watershed shown.  
 
Improvements 
In August 1983, the Pottawattamie County Conservation Board and the West Pottawattamie Soil and 
Water Conservation District submitted a proposal for the Arrowhead Pond Water Quality Management 
and Critical Area Treatment RC&D Plan. That plan was implemented in 1984 through 1989.  The vast 
majority of conservation practices in the watershed were implemented during that time 
 
A previous TMDL for siltation was approved by EPA in 2002. This prompted the implementation of best 
management strategies to reduce erosion and sediment transport in the watershed including terraces, 
no till operations, and the installation of two small sediment basins near Arrowhead Pond. 
 
Table 2-1 lists some of the general characteristics of Arrowhead Pond and its watershed as it exists 
today. Estimation of physical characteristics such as surface area, depth, and volume are based on a 
bathymetric survey conducted by the DNR in May, 2013. 
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Table 2-1. Arrowhead Pond Watershed and Lake Characteristics. 

DNR Waterbody ID ID Code: IA 06-WED-1702 

12-Digit Hydrologic Unit Code (HUC) 102300060404 

12-Digit HUC Name Neola Creek ς Mosquito  Creek 

Location 
Pottawattamie County, S29, T77N, R41W; 1.5 miles 
west of Neola 

Latitude 41.435° N (ambient lake monitoring location) 

Longitude 95.593° W (ambient lake monitoring location) 

Designated Uses 
A1 ς Primary Recreation 
B(WW-1) ς Aquatic Life 
HH ς Human health (fish consumption) 

Tributaries Unnamed streams 

Receiving Waterbody Mosquito Creek 

Lake Surface Area (1) 14.0 acres  

Length of Shoreline 6,355 feet 

Shoreline Development Index 2.29 

Maximum Depth (1) 13.9 feet 

Mean Depth (1) 6.1 feet 

Lake Volume (1) 86.1 acre-feet 

Watershed Area (1) 1,042.7 acres (includes lake) 

Watershed:Lake Ratio (2) 73.5:1 

Hydraulic Lake Residence Time (3) 28  days 

(1) Per May 2013 bathymetric survey.  
(2) (Watershed Area - Lake Area) / Lake Area 
(3) BATHTUB model prediction for average annual conditions (2002-2018) 
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Figure 2-1. Arrowhead Pond Vicinity Map. 
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Water Quality History 
Water quality data has been collected through the statewide survey of Iowa Lakes, which was 
conducted from 2000 through 2018 by Iowa State University (ISU). A statewide ambient lake monitoring 
program conducted in 2008 by the State Hygienic Laboratory (SHL) also provided data on the water 
quality in Arrowhead Pond.  
 
2.1. Arrowhead Pond  
Hydrology 
Daily precipitation data were obtained for the Oakland Station from the Iowa Environmental Mesonet 
downloadable from the IEM. Daily potential evapotranspiration (PET) data were obtained from the Iowa 
Ag Climate Network, downloadable from the IEM (IEM, 2017b). The Iowa State Climatologist provides 
quality control of these data. Daily observations between January 1, 2002 and December 31, 2018 were 
used in climate assessment and model development. Table 2-2 reports weather station information.  
 

Table 2-2. Weather Station Information for Arrowhead Pond. 

Data Temperature/Precipitation Potential ET 

Network IACLIMATE 
ISU AgClimate/ISU Soil 

Moisture 

Station Name (ID) Oakland-2-E (IA6151) Lewis (A134759) 

Latitude 41.32° 41.313° 

Longitude -95.38° -95.173° 

Source: https://mesonet.agron.iastate.edu/climodat 
 
Average annual precipitation near Arrowhead Pond was 37.2 inches from 2002-2018. The annual 
average precipitation during this time period was higher than the 30-year annual average of 35.5 inches. 
During this time period, three of the seven wettest years on record since 1951 were recorded (2007, 
2010, and 2014). Figure 2-2 illustrates the annual precipitation totals along with lake evaporation 
(estimated as 70 percent of annual PET). This chart shows an inverse relationship between precipitation 
and lake ET mainly due to climatological factors such as cloud cover and temperature. Wet years show a 
surplus of precipitation while dry years (2005 and 2012) show a precipitation deficit in comparison to 
lake ET. The estimated annual lake ET of 37.4 inches is nearly identical to the annual precipitation over 
the modeled time period. This validates the assumption to model lake water levels as steady state 
conditions over the long term. 
 

https://mesonet.agron.iastate.edu/climodat
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Figure 2-2. Annual Precipitation and Estimated Lake Evaporation. 

 
Precipitation varies greatly by season in western Iowa with approximately 75 percent of annual rainfall 
taking place in half of the year (April through September). Monthly average precipitation is illustrated in 
Figure 2-3 along with estimated evapotranspiration (ET). Although precipitation is highest during the 
growing season, so is ET, and a monthly moisture deficit occasionally occurs. Note that watershed ET is 
typically higher than lake evaporation in the summer months, a result of high temperatures and 
vegetation transpiring large volumes of moisture from the soil during the peak of the growing season. It 
is often during this period that harmful algal blooms develop in waterbodies, as water heats up and lake 
flushing is minimal.  
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Figure 2-3. Monthly Precipitation and Estimated ET for the Arrowhead Pond Watershed. 

 
Rainfall runoff, direct precipitation, evapotranspiration, shallow groundwater flow, and deep aquifer 
recharge ŀǊŜ ŀƭƭ ǇŀǊǘ ƻŦ ǘƘŜ ƭŀƪŜΩǎ ƘȅŘǊƻƭƻƎƛŎ ǎȅǎǘŜƳΦ Estimated residence time is based on annual 
precipitation and evaporation data, Spreadsheet Tool for Estimating Pollutant Load (STEPL) estimates of 
average annual inflow, and a water balance calculated within the BATHTUB model. The BATHTUB water 
balance calculation includes: inflows (from STEPL), direct precipitation, evaporation calculated from 
measured PET at Lewis, Iowa and lake morphometry.  
 
During years of below average precipitation, residence time increases. In wet years, the opposite is true 
as residence time decreases. In lakes with smaller watershed to lake ratios, the residence time may be 
longer than lakes with larger watershed to lake ratios.  
 
Morphometry  
According to the most current bathymetric data (May 2013), the surface area of Arrowhead Pond is 14.0 
acres. Estimated water volume of the lake is 86.1 acre-feet (ac-ft), with a mean depth of 6.1 ft and a 
maximum depth of 13.9 ft in the central section of the lake near the outfall. The reservoir, like most 
man-made stream impoundments, has an irregular shape, with small dissected arms that lead to the 
uplands of the watershed. Evidence of sedimentation in the lake and upland basins suggest that the 
watershed of Arrowhead Pond has a large impact on water quality. The significance of sediment (and 
associated phosphorus) loading from the watershed is further evidenced by the shoreline development 
index of 2.29, which is moderately high. Values greater than 1.0 suggest the shoreline is highly dissected 
and indicative of a high degree of watershed influence (Dodds, 2000). High index values are frequently 
observed in man-made reservoirs.  Lake morphometry and bathymetry data are shown in Figure 2-4. 
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Figure 2-4. 2015 Bathymetric Map of Arrowhead Pond 
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2.2. The Arrowhead Pond Watershed 
The watershed boundary of Arrowhead Pond encompasses 1,042.7 acres (Figure 2-1). The watershed-
to-lake ratio of 73.5:1 is significantly higher than an ideal condition of 20:1. A higher ratio means 
watershed influences have a larger impact on water quality in Arrowhead Pond and more work in the 
watershed will need to be done to see water quality improvement. Mitigation of watershed influence 
will be required, and in-lake techniques may have short effective life spans in the absence of watershed 
improvements and renovations. A prudent watershed management strategy should focus on problem 
areas that can be most easily addressed and implementing alternatives that provide multiple benefits in 
addition to water quality, such as increased soil health, erosion reduction, and habitat enhancement. 
Watershed management and implementation strategies are discussed in more detail in Section 4 ς 
Implementation Planning. 
 
Land Use 
Land use information for the area was created from a windshield survey conducted in the spring of 2020 
and from various aerial photography. The predominate land use is corn and soybean row crops (59.4 
percent) with grassland and pasture both making up about 12.7 percent each of the watershed (Table 2-
3 and Figure 2-5). Grassland is an aggregate of Alfalfa/Hay and ungrazed land. In the past, CRP land 
existed but has all been converted back to crop land. 
 

Table 2-3. Arrowhead Pond Watershed Land Uses. 

Land Use Description Area (acres) Percent (%) 

Row Crop Corn and Soybeans 618.7 59.4 

Grassland Un-grazed Grassland, Alfalfa/Hay 132.6 12.7 

Forest Bottomland, Coniferous, Deciduous 92.2 8.8 

Urban Farmstead, Roads 49.8 4.8 

Pasture Grazed grassland 132.8 12.7 

Water/Wetland1 Water and Wetland 16.6 1.6 

Total   1,042.7 100.0 

(1) Includes Arrowhead Pond surface area. 
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Figure 2-5. Arrowhead Pond Watershed Landuse Map. 

  
























































































































































